Spatial and temporal distribution of supernumerary or B chromosomes were studied in natural populations of wood mice. A total of 859 individuals belonging to several species from Eurasia were examined. A very high percentage of individuals possessing B chromosomes was found in Apodemus peninsulae (97.9%, n = 47), a high percentage in A. flavicollis (42.5%, n = 362), and a low one in A. sylvaticus (2.4%, n = 210). No B chromosomes were observed in A. uralensis (n = 10), A. fuluipectus (n = 19), A. hermonensis (n = 1), A. agrarius (n = 58), A. mystacinus (n = 7), and in Apodemus species collected in Turkey (n = 74), Israel (n = 1), Azerbaijan (n = 2), Tadjikistan (n = 24), and Kyrghyzstan (n = 44). A modest to high frequency of B chromosomes was thus observed particularly in the species confined to a forest environment, whereas no B's were found in the species dwelling in open, steppe-like or rocky habitats. Both in A. peninsulae and A. flavicollis the frequency of B chromosomes varied among local populations. Follow-up studies revealed stability in the respective proportions of B chromosomes during subsequent years. However, no unambiguous interrelationship could be found between the frequency of B chromosomes and various biological and/or ecological variables. Therefore it seems that the incidence of B chromosomes is mainly determined by stochastic effects operating within the specific genetic background of a population.
Introduction
The evolutionary significance of certain components in the genome, particularly the regions containing highly repetitive (satellite) DNA, is still poorly understood. Different functions have been ascribed to these sequences and their adaptive role is a controversial issue. Is repetitive DNA present because it is related to the fitness of an organism or is it in fact parasitic, as suggested by Doolittle and Sapienza (1980) or by Orgel and Crick (1980) ? Highly repetitive DNA tends to be associated with constitutive heterochromatin and is often concentrated in tandemly arranged blocks, located in particular chromosomal regions. Supernumerary or B chromosomes are one of many kinds of structural and numerical chromosome polymorphism supposed to be related to heterochromatin variation. B chromosomes are distinguishable from normal (A) chromosomes by their structure, genetic constitution, numerical variability, and meiotic and mitotic behaviour (Jones and Rees 1982) . They do not pair with any of the A chromosomes in meiosis, and do not pair as regularly among themselves as it is the case in A chromosomes. B chromosomes are largely heterochromatic, although the amount and kind of heterochromatin may vary considerably among species. The role of B chromosomes in the genome and their influence on the organism are not well understood. Apparently, their presence within the chromosome complement is unnecessary for the normal process of growth, development and reproduction.
The Palaearctic genus Apodemus Kaup, 1829 comprises 21 species (Musser and Carleton 1993) . Karyotypes of the Apodemus species examined so far seem to be rather uniform with respect to the prevailing diploid number of 48, largely acrocentric chromosomes. B chromosomes have been reported to occur in A. peninsulae (including A. giliacus; Hayata 1973 , Vorontsov et al. 1977 , Bekasova et al. 1980 , in A. flavicollis (Soldatovic et al. 1972 , Wolf et al. 1972 , Giagia et al. 1985 , Vujosevic et al. 1991 , in A. sylvaticus (Vujosevic and Zivkovic 1987) , in A. mystacinus (Belcheva et al. 1988 ) and in A. agrarius (Kartavtseva 1994) . B chromosomes in Apodemus are usually small elements with a variable position of the centromere. Remarkable differences in the distribution of B chromosomes were observed among various Asiatic populations of A. peninsulae (Volobouev 1979 , Borisov 1990a , b, c, Borisov and Malygin 1991 and among various European populations of A. flavicollis (Giagia et al. 1985 , Vujosevic and Zivkovic 1987 , Vujosevic et al. 1991 . In a population of A. flavicollis the frequency of B chromosome stayed rather constant over several generations (Vujosevic 1992) . Studies addressing the possibility of a preferential segregation of B chromosomes during meiosis yielded ambiguous results (Kolomiets et al. 1988 , Vujosevic et al. 1989 . In A. peninsulae transcriptional activity during the pachytene was shown to be lacking in B chromosomes (Ishak et al. 1991) .
The present paper aims at contributing to the issue of adaptive vs stochastic causes being responsible for the accumulation of B chromosomes. Dependence of the temporal and spatial distribution of B chromosomes in natural populations of wood mice upon various biological and ecological variables is discussed.
Material and methods
A total of 859 wood mice collected from 110 localities in Europe and Asia were karyotyped between 1973 and 1994. Direct flame-dried chromosome preparations were made from bone marrow according to Ford and Hamerton (1956) . In each individual, 30 mitotic plates were checked. In particu.ar males, meiotic chromosomes were prepared from testicular tissue. Part of the preparations was differentially stained using G-banding (Seabright 1971) , C-banding (Sumner 1972) , and Ag-NOR (Howell and Black 1980) techniques. G-and ¿-tests (Sokal and Rohlf 1981) were used for examining differences in the incidence of B chromosomes among samples.
Species identification in European wood mice followed standard morphological and cranial criteria (eg Ruprecht 1979 , Demeter and Lazar 1984 , Mezhzherin 1991 . The validity of species status of the various Asiatic members of the genus, and particularly of those belonging to the subgenus Syluaemus, is still under discussion. Therefore, we decided to designate the wood mice collected in Asia Minor, the Caucasus and in central Asia as Apodemus spp., without attempting to determine their species membership explicitly. A detailed list of the material examined is given in the Appendix.
Results and discussion

Interspecific differences in B chromosome distribution
The pattern of B chromosome distribution in the species examined is shown in Table 1 . The incidence of B chromosomes in the samples studied generally agrees with previous findings in the various species (op. cit.). A very high proportion of individuals possessing B chromosomes was found in A. peninsulae (97.9%), a medium proportion in A. flavicollis (42.5%), and a low proportion in A. sylvaticus (2.4%). No supernumerary chromosomes were observed in the cells of all other species studied. A. peninsulae is currently assigned to the subgenus Alsomys, whereas A. flavicollis and A. sylvaticus belong to the subgenus Sylvaemus (Musser and Carleton 1993) . The occurrence of B chromosomes is thus not confined to a particular subgenus. There is apparently no relation between the incidence of B chromosomes and the pattern of phylogenetic divergence as revealed by allozyme studies (Filippucci 1992) . Furthermore, the extent of B chromosome variation does not seem to be associated with electrophoretic heterozygosity (eg Benmehdi et al. 1980 , Mezhzherin 1990 , Britton-Davidian et al. 1991 , Filippucci 1992 .
Common features of the species possessing B chromosomes may be found in their geographical distribution and habitat preference. All three Apodemus species with B chromosomes are distributed in the northern parts of the range of the genus. A. peninsulae and A. flavicollis represent strict forest dwellers whereas A.
sylvaticus is confined to forest edges and bushes. On the contrary, the species of the subgenus Sylvaemus living in open, steppe-like habitats (A. uralensis, A. fulvipectus) have never been reported to possess B chromosomes.
Pattern of intraspecific distribution of B chromosomes
Significant differences in the distribution of B chromosomes were found between individual populations of A. peninsulae and A. flavicollis (Tables 2 and  3 ). Similar findings were reported for both species by Volobouev (1979) , Borisov Vujosevic et al. (1991) . It is difficult, however, to find any adaptive explanation for these interpopulational differences. In our samples of A. flavicollis a slight trend towards a decrease in B-chromosome frequencies from central to eastern and southeastern Europe could be observed. Except for the Mt Pelister population, the incidence of B chromosomes was thus rather low in the mountains of the Balkan Peninsula. In both A. flavicollis and A. peninsulae, the frequency of B chromosomes seemed to be higher in central than in peripheral populations. There was no relationship between the B-chromosome frequency and the altitude of the sites studied. Giagia et al. (1985) and Vujosevic and Zivkovic (1987) suggested that B chromosomes tend to occur more frequently in populations of A. flavicollis inhabiting heavily polluted areas. This assumption was not confirmed by our data. The population samples of A. flavicollis and A. sylvaticus collected in certain parts of northern Bohemia (districts of Most and Ceska Lipa) originated from habitats exposed to an extreme level of industrial pollution. Nevertheless, B-chromosome frequencies were lower in these sites than in particular samples from relatively well preserved areas (eg western and southern Bohemia, district of Decin in northern Bohemia).
Temporal changes in B-chromosome frequency
In certain study areas sampling of mice was repeated during several seasons or years. Comparisons of samples collected at the same site in different periods showed that B-chromosome frequencies and the mean number of B's per individual remain relatively stable. At two localities significant differences were observed, but these are probably due to small sizes of samples collected in the respective years (Table 4) . A follow-up study of temporal changes in B-chromosome frequencies at a particular site was reported by Vujosevic (1992) . Also in this case the frequency of B's remained constant from generation to generation.
Other biological correlates
In samples of A. flavicollis, several biological and ecological variables were tested for an association with the incidence of B chromosomes: sex ratio, number of embryos per pregnant female, average litter size, and body weight.
The sex ratio of 0.66 (females/males) found in all individuals studied did not differ significantly from a ratio of 0.58 observed only in individuals with B chromosomes (G = 0.05, p > 0.05). Hence, B chromosomes appear to occur at a similar frequency in both sexes. In the sample of A. flavicollis 37 pregnant females were found. Of these females, 15 possessed B chromosomes while the remaining 22 had a standard karyotype. In females with B chromosomes, 1 to 8 embryos were recorded (x = 5.53, SD = 1.71), in females without B chromosomes 4 to 12 embryos (3c = 5.59, SD = 1.67). Average litter size was not significantly different between both groups (t = 0.106, df = 35, p > 0.05). We also compared body weight Table 5 . There seemed to be an increase of body weight along with an increasing diploid chromosome number, but pairwise differences among 2n-groups were not statistically significant. However, if just two categories [2n = 48 (B-) vs 2n > 48 (B+)] were compared, mean weights between these groups were found to be significantly different (t = 2.39, df = 228, p < 0.05).
Concluding remarks
B chromosomes can vary in number among species, populations, individuals, tissues and cells. Previous sudies revealed a non-random pattern of B-chromosome distribution (Nur 1969 , Thomson 1984 , and various biological reasons for this have been taken into account. Due to intraspecific variation in their presence and frequency among populations dwelling in different habitats, it has been frequently stated that B chromosomes have an adaptive significance (Darlington 1963 , Gibson and Hewitt 1972 , Miintzing 1974 , Hutchinson 1975 , Carter 1978 . In the present study, a differential geographic pattern of B-chromosome frequencies was observed also in Apodemus species, particularly in A. flavicollis and A. peninsulae, and the population specific frequencies seemed to be stable over seasons and years. However, no unambiguous relationship between B-chromosome distribution and various biological variables could be found. An alternative explanation would be that B chromosomes are parasitic and are maintained or lost independently of any adaptive benefit or handicap they provide for individuals, populations or species (Frost 1969 , Nur 1969 , Patton 1972 , Lucov and Nur 1973 , Bougourd and Parker 1975 , Thomson 1984 , McQuade 1985 . According to our results it seems that the incidence of B chromosomes in certain Apodemus species is mainly determined by stochastic effects operating within a specific genetic background of a population or species.
